Thirty women with idiopathic anorectal incontinence were investigated by nerve conduction studies. Twenty-two (73%) patients had abnormal nerve conduction studies. In 7 (23%) of these patients there was conduction delay in the cauda equina between LI and L4 vertebral levels but in the remainder the distal innervation of the pelvic sphincters was abnormal.
Introduction
In the majority of patients with idiopathic anorectal incontinence there are histological and electrophysiological abnormalities consistent with chronic partial denervation in the pelvic floor musculature, especially of the two major muscles of continence, the puborectalis and external anal sphincter muscles. These abnormalities, consisting of fibre-type grouping (Parks et al. 1977 , Beersiek et al. 1979 ) and an increased motor unit fibre density in the external anal sphincter muscle (Neill & Swash 1980 , have led us to devise electrophysiological methods for evaluating the innervation of these muscles, which are suitable for use in clinical practice.
The pudendal nerve terminal motor latency, measured after transrectal stimulation of the pudendal nerves at the level of the ischial spines, recording the evoked compound muscle action potential in the external anal sphincter muscle, is increased in this syndrome of idiopathic anorectal incontinence (Kiff & Swash 1984a ), but motor latency measurements to this muscle after transcutaneous spinal stimulation at LI and L4 vertebral levels show no abnormality of conduction in this part of the innervation of these muscles (Kiff & Swash, 1984b) . These findings support our suggestion that idiopathic neurogenic anorectal incontinence commonly results from damage to the innervation of the pelvic floor sphincter muscles initiated in childbirth (Snooks et al. 1985) , or from nerve stretch during perineal descent associated with excessive defaecation straining at stool (Parks et al. 1977 , Henry et al. 1982 as occurs in some women with chronic constipation (Kiff et al. 1984) . We have recently obtained electrophysiological evidence ofa similar abnormality in the perineal branch of the pudendal nerve that innervates the periurethral striated musculature, in women with stress urinary incontinence (Snooks & Swash 1984a , b, Snooks et al. 1984 .
Incontinence is a frequent problem in patients with neurological disease, especially when there are central lesions, as in patients with spinal cord disease or multiple sclerosis. However, in the absence of definite clinical features of a lesion in the lumbosacral spinal canal, it is often difficult to evaluate the possibility that incontinence might be due to cauda equina disease.
We have recently identified a small group of patients with idiopathic anorectal incontinence in whom the fibre density in the external anal sphincter muscle was increased but the pudendal nerve terminal latency was normal. Spinal stimulation experiments have revealed evidence of a proximal nerve root lesion within the lumbar canal in these patients. In this paper we show how these relatively noninvasive electrophysiological methods can be used in the assessment of patients with idiopathic anorectal incontinence. Patients and methods Thirty consecutively referred women (mean age 52 years; range 32-77 years) with idiopathic anorectal incontinence were studied. Twenty-four were incontinent of solid stool and the remainder of liquid stool only. The mean duration of anorectal incontinence was 4-3 years (range 0 5 to 10 years). Eight patients gave a history of excessive defaecation straining and constipation. Three patients had undergone abdominal rectopexy operations for complete rectal prolapse. Twenty-five patients were parous, parity ranging from one to seven (mean 2). Eight patients reported a difficult childbirth; 3 of these reported breech deliveries, 4 had highbirth-weight babies (greater than 4 kg), 2 had a prolonged second stage of labour (greater than 2 hours) and 4 had forceps deliveries. One patient stated that faecal incontinence had commenced immediately after her first delivery and another that complete rectal prolapse had occurred soon after her first delivery. No patient had sustained surgical or accidental anal sphincter division or had diabetes mellitus. Twelve patients had undergone hysterectomy for benign uterine disease, 8 via an abdominal route.
On examination, all 30 patients had reduced or bilaterally absent anal reflexes. Twentyseven patients had excessive perineal descent during straining at stool as defined by Henry et al. (1982) . On rectal examination the anal sphincter tone during maximal voluntary contraction was reduced. There was no abnormality of perineal or anal sensation and neurological examination was normal.
Forty age-and parity-matched women with minor anorectal conditions, e.g. rectal polyps, but without significant symptomatic pelvic floor disorder, haemorrhoids (Teramoto et al. 1981) or neurological disease, served as controls for nerve-latency measurements and for single-fibre electromyography (EMG) studies of the fibre densities in the puborectalis and external anal sphincter muscles.
Transcutaneous spinal stimulation was achieved using the method devised by Merton et al. (1982) . A single impulse of 800-1500 volts, decaying with a time constant of 50 psec, was delivered through two saline-soaked gauze pads with the cathode held on the spinous process of the first or fourth lumbar vertebrae respectively; the anode was directed cranially. These two levels were chosen to represent the conus medullaris and the lumbosacral nerve roots of the cauda equina respectively. The evoked muscle response in the pelvic floor muscles was recorded. These muscles were chosen because they are important in the maintenance of continence and because they are innervated by the S3 and S4 motor roots, representing the most caudal parts of the motor system (Sherrington 1892) . Since the external anal sphincter muscle is innervated by the inferior rectal branches of the pudendal nerves, and the puborectalis muscle largely by direct pelvic branches of the S3 and S4 motor roots (Percy et al. 1981) , the responses in these muscles were studied separately.
External anal sphincter response
The patient was placed in the left lateral position and a separate ground electrode was connected from the right upper thigh to the pre-amplifier of the EMG apparatus. The response in the external anal sphincter muscle was recorded through two poles of a 3 cm long, 3 pole telephone-jack plug surface electrode lubricated with electrode jelly, situated in the anal canal and connected to ground. The onset of the stimulus triggered the oscilloscope of the EMG machine (Medelec MS 6). The latency following a supramaximal stimulus was measured on the paper print-out from the onset of the stimulus to the onset of the response. Several responses were studied in each patient.
Puborectalis response
Using the same technique of transcutaneous spinal stimulation, the latency of the response to the puborectalis muscle was measured using a digitally directed transrectal surface-recording technique developed from that for transrectal pudendal nerve stimulation (Kiff & Swash 1984a ). The compound action potential evoked in the puborectalis muscle was recorded using a rubber finger stall with two 1 cm diameter circular, steel surface-electrode plates, placed 1 cm apart, positioned at its tip. The finger bearing this device was inserted into the rectum so that the recording electrode surfaces were in contact with the puborectalis muscle bar; i.e. the recording surfaces faced posteriorly. The spinal stimulus characteristics described above were used and the contraction response of the puborectalis muscle, which could be palpated with the finger, was displayed and recorded on a Medelec MS 6 EMG apparatus. The latency of this response was measured in the same way as for the external anal sphincter muscle.
Pudendal nerve terminal motor latency measurement This method was developed from the technique of electroejaculation described by Brindley (1981) for use in patients with impotence due to paraplegia. The stimulating device consisted of a rubber finger stall having two base-metal stimulating electrodes at its tip, and two metal circular surface electrodes for recording mounted 3 cm proximally at the base of the finger in a position suitable for recording the compound muscle action potential of the external anal sphincter muscle (Kiff & Swash 1 984a). Stimulation of the pudendal nerves on either side was achieved using square wave, supramaximal stimuli of 0.1 ms duration and about 50 volts. Two sets of 5 consecutive recordings were made at one-second intervals on both sides of the pelvis. The latency of the response was measured on the paper print-out from the onset of the stimulus to the onset of the response in the external anal sphincter muscle.
Single-fibre electromyography (EMG) Single-fibre EMG (Stalberg & Trontelj 1979) of the external anal sphincter was carried out using the method described previously (Neill & Swash 1980 .
The technique used for the puborectalis muscle was based on that developed for the external anal sphincter muscle, using standard EMG equipment and single-fibre EMG needle electrodes (Neill & Swash 1980 ). The puborectalis muscle was approached from a point 1.5 cm posterior to the anal verge, angling the electrode anteriorly in the midline so as to enter the puborectalis muscle. Correct placement of the electrode tip was confirmed by digital examination of the rectum. Single muscle fibre action potentials were recorded when the electrode tip was at least 2 cm beneath the surface of the skin, the external anal sphincter muscle being more superficially situated.
Statistical methods
Non-parametric statistical significance testing was performed using the Wilcoxon Rank Sum Test.
Results Controls
The means and standard deviations of spinal latency, pudendal nerve terminal motor latency and single-fibre EMG fibre density for control subjects are shown in The SLR represents a comparison of these two latencies from different levels of transcutaneous stimulation. In the presence of distal conduction delay, both LI and L4 latencies increase similarly, since the abnormal zone of nerve conduction is contained in both measurements and therefore the SLR will remain constant. However, in the case of proximal conduction delay the LI latency will be more increased compared to the L4 latency and consequently the SLR will be increased. Stimulation at two vertebral sites can thus be used to determine whether there is conduction delay within the spinal canal or distal to the cauda equina without the necessity of introducing uncertain correction factors for height, length of spinal column lbetween two vertebral stimulation sites and pelvic shape. This ratio has been discussed in detail elsewhere (Snooks & Swash 1984a,b) . In these investigations we have calculated the SLR in relation to the puborectalis rather than the external anal sphincter muscle because of the importance of the puborectalis muscle in the maintenance of anorectal continence (Parks et al. 1977 , Snooks et al. 1985 .
Patients
The patients were divided into two groupsincreased and normal SLR values. There were significant increases (P< 0.01) in the spinal latencies from LI and L4 vertebral levels to both the puborectalis (Figure 1 ) and external anal sphincter muscles (Figure 2) in patients with normal SLR values ( Figure 3 ) compared with control subjects (Table 1) . Patients with increased SLR values ( Figure 3 ) had normal L4 spinal latencies to the puborectalis muscle ( Figure 1 , Table 1 ). The pudendal nerve terminal motor latencies were increased (P<0.01) in patients with normal and increased SLR values compared with control subjects (Table 1) . Single-fibre EMG fibre densities were increased (P<0.01) in the puborectalis and external anal sphincter muscles in patients with increased and normal SLR values (Table 1 ). In the control subjects studied there was a significant correlation (r=0.82, P<0.001) between the spinal latencies from LI to the puborectalis and external anal sphincter muscles (Figure 4) . A less significant correlation (r=0.46, P<0.05) was found in those patients with anorectal incontinence who had normal SLR values (Figure 4 ). No significant correlation was found between these latencies in patients with increased SLR values. In patients with idiopathic anorectal incontinence with increased pudendal nerve terminal motor latencies, i.e. distal lesions with normal SLR values, the spinal latency from LI to the external anal sphincter muscle and the pudendal nerve terminal motor latency were significantly correlated (r = 0.6, P <0.001) ( Figure 5 ). However, in patients with proximal slowing of motor conduction (increased SLR values) there was no correlation between these two latencies (r = 0.3, P> 0.1) ( Figure 5 ).
Discussion
The electrophysiological methods described in this report enable a quantitative assessment to be made of distal motor nerve conduction in the pudendal innervation of the external anal sphincter muscle, and of proximal conduction in the motor nerve roots in the cauda equina that innervate the puborectalis and external anal sphincter muscles. The fibre density in the (0) idiopathic anorectal incontinence with normal (0) and and increased (0) SLR values increased (0) SLR values external anal sphincter muscle and puborectalis muscle (Neill & Swash 1980 ) can be used as an index of reinnervation (Stalberg & Trontelj 1979 , Swash & Schwartz 1981 since it is known from histopathological studies that in patients with idiopathic (neurogenic) incontinence these muscles show features consistent with denervation and reinnervation (Parks et al. 1977 , Beersiek et al. 1979 ). The single-fibre EMG fibre density was increased more than two standard deviations in 16 of the 23 patients with idiopathic anorectal incontinence in whom the SLR was normal (distal lesion), and in 5 of the 7 patients in this group with an increased SLR (proximal lesion). It was increased more than one standard deviation in all but 2 of the whole group of 30 patients with idiopathic anorectal incontinence, indicating that a neurogenic cause for incontinence was likely in all but these 2 patients. The site of damage to the innervation of these pelvic floor muscles can also be assessed by nerve stimulation tests. Transcutaneous spinal stimulation (Kiff & Swash 1984a,b) at the LI and L4 vertebral levels enables motor conduction in the cauda equina to be studied. The ratio of the latencies from stimulation at these two levels to the evoked muscle response in the puborectalis (or external anal sphincter) muscles provides information about the presence of slowed conduction in the cauda equina. This ratio enables differentiation of distal and proximal lesions in the nerve supply of these muscles (Snooks & Swash 1984a,b) . Since the stimulating electrodes, consisting of saline-soaked pads, are at some distance from the nerve roots in the spinal canal, dispersion of current through the tissues could result in appreciable errors, but these errors are presumed to be approximately constant from case to case.
These findings thus indicate that in the majority of patients with this syndrome there is damage to the distal part of the innervation of the external anal sphincter and puborectalis muscles. We have previously provided evidence that this results from stretch injury to these nerves during perineal descent associated with prolonged and repeated defaecation straining (Parks et al. 1977) , often initiated by a difficult or prolonged labour (Beersiek et al. 1979 , Snooks et al. 1985 .
In 7 (23%) of the 30 patients with idiopathic anorectal incontinence the SLR to the puborectalis muscle was increased, suggesting a proximal lesion in the cauda equina between the LI and L4 vertebral levels. In 5 of these 7 patients the latency from LI was considerably increased; in the remaining 2 patients the latencies from L4 were unusually short. Slowing of motor conduction in the cauda equina in these patients was not accompanied by clinical signs of cauda equina disease, e.g. sacral sensory loss. The anal reflex is usually absent in patients with idiopathic (neurogenic) anorectal incontinence (Parks et al. 1977) , because the external anal sphincter muscle is partially denervated and atrophic.
The puborectalis muscle is innervated largely by direct branches from the S3 and S4 motor roots in the pelvic plexus, and not by the pudendal nerves which innervate the external anal sphincter muscle (Percy et al. 1981) . The SLR to the former and the spinal and distal motor latency to the latter thus enable the proximal and distal components in the two innervations to be compared. Patients with idiopathic anorectal incontinence can thus be categorized into those with proximal (cauda equina) and distal lesions respectively.
There were no significant differences in age and duration of incontinence between patients with evidence of a proximal (cauda equina) lesion and those without. All 7 patients with evidence of a proximal lesion had evidence of distal delay; an increased pudendal nerve terminal motor latency. Evidence of both proximal and distal conduction delay is consistent with damage to almost all lower motor neurons innervating the pelvic floor muscles. The technique of translumbar spinal stimulation is of use in selecting those patients with anorectal incontinence who warrant further investigation.
